The ash of groundnut shell, cashew nut shell, tamarind shell, rice husk and sugarcane bagasse has been used as a modifier for epoxy-amine coating. The ash has been made by the calcination process. Then it was surface treated to introduce amine functionality on the periphery. The ash has been added at 1%, 3% and 5% (w/w) of the total binder system. The ash has been characterised by Fourier transform infrared spectroscopy (FTIR) and x-ray diffraction analysis (XRD) for the confirmation of its surface treatment. The coating has been characterised for mechanical performance, chemical resistance and anticorrosive properties. It is seen that with the addition of ash, hardness properties of the coating enhances. In anticorrosive performance it is observed that with the addition of ash, the anticorrosive performance of the virgin coating increased. The ash enriched with inorganic elements silicone dioxide (SiO 2 ), magnesium oxide (MgO), zinc oxide (ZnO), aluminium oxide (Al 2 O 3 ), ferric oxide (Fe 2 O 3 ). These are the key components to enhance the hardness properties and anticorrosive performance of the coating.
The ash of these shells contains few of the inorganic elements and metal oxides those are popular for various applications in coating. The groundnut shell ash contains SiO 2 , Al 2 O 3 , MgO, Fe 2 O 3 and cashew nut shell has metal oxides such as MgO, ZnO, Al 2 O 3 , and Fe2O3 in them (Buari et al., 2013; Akinhanmi et al., 2008) . The major components of tamarind shell ash is calcium oxide (CaO), potassium oxide (K 2 O) followed by MgO, Al 2 O 3 , Fe 2 O 3 , SiO 2 (Tripathi et al., 1998) . While comparing sugarcane and rice husk ash, the similarity in both the ash is the core component of the ash is silicon dioxide. The rice husk ash is consists 98% the SiO 2 whereas the percentage of SiO 2 in the sugarcane ash is 62%. Other than SiO 2 both the ash contains Al 2 O 3 , Fe 2 O 3 , CaO, MgO as a common oxides present in them, but the percentage of all these is higher in sugarcane ash as compared to the rice husk ash. Hence, even though the component is same in both cases their percentage has been varied for both. These are the metal oxide used in coating to improve the performance properties.
Hence, in this study, the waste biomass, i.e., groundnut shell, cashew nut shell, tamarind shell, rice husk and sugarcane bagasse have been used for coating application. For this application the ash of the shell has been made by calcination process. The surface treatment has been given to the ash to introduce amine functionality on the surface. The silane treated ash has been then added in the coating at three different concentrations namely, 1%, 3%, and 5%. The epoxy-amine coating has been used for this purpose. The percentage has been selected from the lowest to the highest and variation has been done to see the effect of ash concentration on the performance of the coating.
Experimental

Materials
The groundnut, cashew nut, tamarind, rice husk and sugarcane bagasse are obtained from local market. The epoxy is used as the base resin with an amine as its corresponding hardener with weight ratio 10:3 for curing. The N-(2-amino ethyl)-3-aminopropyltrimethoxysilane obtained from Wacker. Xylene, n-butanol, toluene and acetone are obtained from S.D. Fine Chemicals Pvt. Ltd. The epoxy resin is obtained from Dow Chemical Company Pvt. Ltd. with epoxy equivalent weight 500 g/eq. The hardener also obtained from Dow Company Pvt. Ltd. and it is cycloaliphatic amine-based hardener with amine value ~350 mg KOH/gm of sample.
Synthesis of ash from shell
The groundnut shell obtained from the market, was cleaned first to remove any dirt, dust attached to it, wash with water and then dried in oven at 80°C. Then it was crushed in mortar pestle. The cashew nut shell is used as such with proper handing care. The tamarind shell obtained from local markets is crushed into a mortar pestle to make the small pieces of the same. The rice husk is used as such without any pre-treatment. The sugarcane bagasse is cut into small pieces with the scissor. Then they have added into nickel crucible. The crucible kept as such in a muffle furnace. The calcination is carried out at 800°C for two hours. At this high temperature, the organic part gets completely burn out and inorganic material in presence of oxygen gets converted into corresponding oxides. Hence the ash obtained from the same is enriched with the metal oxides after completion of the duration, the muffle furnace allowed to cool. After calcination the ash obtained is used for surface treatment.
Surface treatment of the ash
The ash obtained was treated as mentioned in previous literature. The silane precursor used for the same is N-(2-amino ethyl)-3-aminopropyltrimethoxysilane. The ash has been added into the solvent toluene in the round bottom flask with weight basis ratio 1:5. The ultra-sonication treatment has been given to the mixture for 30 minutes for the better dispersion of ash into the solvent mixture. The magnetic stirrer has been used for stirring purpose and N-(2-amino ethyl)-3 aminopropyltrimethoxysilane which is silane precursor has been added into the same. The mixture has been stirred at room temperature for one hour. Then the reaction has been conducted at 90°C for the duration of 24 hours. After completion and cooling filtration has been conducted followed by ethanol washing to get the treated has which has been dried at 60°C (More and Mhaske, 2016) .
Synthesis of coating
The surface treatment of panels is done prior to panel application. Firstly, panels are wiped to remove any dirt, dust, oil, etc. Then panels were rubbed with emery paper to improve the adhesion of the coating to metal panel. Then panels were wiped with acetone. Epoxy resin is used as a base resin. The ratio of resin/ hardener was added as 100/30 parts by weight. The xylene and n-butanol was used as a solvent media and added in the proportion of 70:30 (v/v) respectively. The solvent was added in the plain epoxy till require viscosity is attained and then hardener was added in appropriate proportion and it was properly mixed and applied to the panel. In the ash system, ash has added to the resin and the mixture is stirred on overhead stirrer for proper dispersion of ash in the resin. The ash concentration of various batches is discussed in Table 1 . After this, solvent and hardener was added in the given proportion. The mixture was applied to the panel and left for curing at room temperature. The reaction scheme for the same is represented in Figure 1 . 
Characterisation
The ATR-Fourier transform infrared spectroscopy (FTIR) (Bruker, Japan) has been used to characterise the ash and silane treated ash. The x-ray diffraction analysis (XRD) analysis has been carried out with 2θ diffraction Rigaku Miniflex (40 kV, 30 mA) (Rigaku Europe SE, Germany) instrument and the scanning speed is kept as 3° per minute for the angle range of 5° to 80°. The radiation source for the same is CuKa. The coating is characterised for mechanical properties by measuring its dry film thickness (DFT) on digital thickness gauge instrument and measuring adhesion by cross hatch adhesion method according to ASTM D 3359. The 5B represents 0% loss of adhesion. The pencil hardness was performed according to ASTM D 3363 for the pencil range of 6B to 6H. The 6H is for the higher hardness and 6B for the least one. The scratch resistance with ISO 104 with scratch resistance instrument by varying the load. The impact resistance as per the ASTM D 2794, with falling dart method for the load of 1.36 kg and maximum height of 60 cm. The flexibility is done on conical mandrel test with ASTM D 522. The chemical resistance is checked by measuring resistance against acid and alkali and the solutions used for the same is 5% HCl and 5% NaOH. The test performed by a spot test method for the duration of 24 hours, according to ASTM D 1308. The solvent resistance is checked by measuring resistance against MEK and xylene by the solvent rub method by ASTM D 4752. The anticorrosive properties are checked with salt spray test according to ASTM B 117 with 5% NaCl solution for the duration of 1,500 hours.
Result and discussions
The ash content of groundnut shell, cashew nut shell, tamarind shell, rice husk and sugarcane bagasse has been obtained is represented in Table 2 . It is seen from the table, highest % ash content has been observed for the rice husk ash. (Tamilselvi et al., 2013; Sahoo et al., 2010; Adamczyk and Długon, 2012) .
In treated samples the broadening in the range of ~3150-3450 cm -1 and peak at 1,575-1,580 cm -1 represents the N-H of amine groups. These peaks are absent in the plain sample. Hence it confirms the surface treatment has been taken place successfully. Agrawal et al. (2015) , Blanton et al. (2005) and Se Young et al. (2008) 
XRD analysis
The characteristic peak of various metal oxides in XRD is represented in Table 3 . This confirms their formation and existence in various ash samples. The XRD analysis of groundnut shell ash has been shown in Figure 3 , cashew nut shell ash in Figure 4 , tamarind shell ash in Figure 5 , sugarcane bagasse ash in Figure 6 and rice husk ash in Figure 7 . The results were also tabulated in Table 4 . It is seen from the XRD results, the % crystallinity has been decreased after surface treatment with silane. Since with the silane treatment, the amorphous layer has gotten deposited on the surface and decrease in the value of % crystallinity. This confirms the surface treatment has been taken place successfully. In all the cases of ash, the same trend is observed where % crystallinity decreases after surface treatment with silane. In case of rice husk only, the % crystallinity increases with surface treatment. The probable reason is it is highly enriched with SiO 2 and it is highly amorphous in nature and with surface treatment the crystallinity increases slightly in this case. The probable reason could be the silane layer which gets deposited may have less amorphous as compare to core rice husk ash which has abundant amount of amorphous SiO 2 . All other ash particles show decrease in crystallinity with surface treatment with silane (Cava et al., 2007; Agrawal et al., 2015; Blanton and Barnes, 2005; Se Young et al., 2008) . 
Mechanical properties
The result for mechanical properties has been represented in Table 5 . The coating had shown good adhesion to the metal surface. Addition of ash does not affect the adhesion properties. Better adhesion of the coating is due to epoxy-amine system, which always has good adhesion properties to the substrate. Along with this there is enough quantity of binder system where ash particles get surrounded by the binder system, hence with the addition of ash the performance does not affect adversely instead of an enhancement in performance properties observed. In addition, of ash, the ash particles get evenly distributed and dispersed in the system, there is no aggregation or agglomeration. The surface treated ash particles due to its functional group, i.e., amino functionality reacts with the binder, i.e., epoxy hence after the curing process the ash particles are evenly distributed in the coating system becomes a part of the three dimensional cross-linked network by chemical linkage and not just a physical distribution. Better adhesion to the metal surface is one of the reasons, to show good hardness and scratch resistance performance. Addition of ash, increase the strength of the film, the ash particles get distributed into the coating matrix hence it helps to improve the performance. Due to this, the hardness properties and scratch resistance have been improved. In addition, of ash, the metal oxides gets incorporated into the coating system. These metal oxides have their own inherent hardness properties, hence the incorporation of them into coating improve its performance. The impact resistance which determines the load distribution property of the coating is found to be excellent for all formulations. The coating system has also passed the flexibility test successfully without any formation of cracks to the coating. This is due to the with even distribution of ash without any aggregation or agglomeration, the formation of any micro centres which may call as a stress point at which needle may stuck in scratch resistance or the formation of crack possible in flexibility test is avoided hence with the addition of ash coating properties do not affect adversely instead enhance in performance has been observed. With the result of mechanical properties it is observed as the highest hardness is observed in rice husk-based system. The probable reason is the highest concentration of SiO 2 is present in rice husk ash as compared to others. The inherent hardness properties of SiO 2 tend to improve the pencil hardness and scratch resistance properties of the coating with the addition of rice husk ash. Followed by rice husk ash, the good hardness properties have been shown with cashew nut ash and sugarcane ash-based coating. The hardness tends to in descending order for tamarind shell ash and groundnut shell ash-based coating system. 
Chemical resistance
The chemical resistance of the coating is evaluated by measuring its acid, alkali resistance and resistance against solvent attack. It is observed that attack of acid and alkali does not affect the performance of the coating. Since coating has maintained its adhesion, there no sign of any blistering. The film of the coating does not get any wrinkle or softening effect. This is due to; the epoxy-amine system which after its curing developed a three dimensional cross-linked structure. The proper ratio of resin to hardener during curing results into reaction of all functional groups. Hence, as such there is no functional group present for the attack of acid or alkali. Due to three dimensional structure, the penetration of acid and alkali through the film also gets difficult. Hence coating system shows good acid and alkali resistance. With the addition of treated ash in the system due to its functional groups it becomes a part of this three dimensional structure. It gets properly distributed in this three dimensional network without any aggregation or agglomeration. Hence the inherent chemical resistance of the coating system gets maintained. The system has shown excellent resistance against solvent. This is due to perfect curing which develops three dimensional structures through which penetration of solvent gets difficult, hence the excellent resistance of the coating system has been developed against solvent.
Anticorrosive properties
The result for plain epoxy coating for salt spray test is represented in Figure 8 . Figure 9 represents salt spray test result for groundnut shell ash-based coating. The result for cashew nut shell ash-based coating is represented in Figure 10 . Figure 11 represents anticorrosive test results for tamarind shell ash-based coating. Figure 12 and Figure 13 represent the salt spray results for sugarcane bagasse and rice husk ash-based coating. The length of corrosion propagation length from the cross-cut below the coating has been measured by removing the coating nearby the crack and result has been tabulated in Table 6 . As seen from the salt spray result, with the addition of all the ash the anticorrosive performance enhanced. As the concentration of ash increases the anticorrosive properties were enhanced further. The good anticorrosive properties are firstly the result of binder system, i.e., epoxy-amine, which has good adhesion to the substrate, its three dimensional cross-linked structure creates obstacles for the diffusion of corrosive species (Aggarwal et al., 2007) . In addition, of ash the anticorrosive performance enhances since the ash contains SiO 2 , Al 2 O 3 , MgO, ZnO and Fe 2 O 3 . All these elements enhance the anticorrosive performance of the coating. Hence the ash of shells which is enriched in these elements enhances the anticorrosive performance of the coating. With an increase in the concentration of ash, the performance enhances further. Hence, it again confirms the role of corrosion inhibition of ash. Along with this enrichment in inorganic elements, the ash increases the strength of the film by becoming the structural part of the film. It increases the barrier properties of the coating since the ash particles create the blocks for the penetration of any foreign species which is responsible for corrosion. Hence, due to the presence of ash particles the corrosive species path to reach the metal surface enhanced and it becomes difficult for them to reach the metal surface. This improves the anticorrosive performance of the coating. The aluminium oxide even though does not play active role in corrosion protection; it improves the path for corrosive species to reach the surface. Hence, due to lack of such species in the presence of aluminium oxide corrosion resistance enhance. Magnesium oxide works by sacrificial mechanism, and when aqueous species pass through the film, the magnesium oxide gets converted into insoluble Mg(OH) 2 and the passive layer of the same form on the surface which further blocks the path of corrosive species to the substrate. Zinc oxide also upon contact with water and oxygen gets converted into insoluble products which get deposited as a layer on the surface. Hence the diffusion of corrosive species and transfer of electrons gets difficult, hence corrosion resistance of the coating enhance. The SiO 2 particle has good adhesion to the metal substrate. Hence, upon addition, it helps for strong adherence of the film to the substrate. Hence, in case corrosive species reached to the substrate, coating still maintained good adhesion with the substrate. It helps to retain its anticorrosive properties. Studied all the ash has shown improvement in corrosion resistance. The highest resistance is observed to be the tamarind ash-based coating and least with the rice husk ash-based system. All the formulations are falling in this range. Among this also sugarcane and cashew nut has shown good results, whereas pistachio and groundnut also has shown comparable properties (Veleva et al., 1999; Dhoke et al., 2009; Pathak et al., 2012) . 
Conclusions
The ash of groundnut shell, cashew nut shell, tamarind shell, rice husk and sugarcane bagasse has been synthesised, surface treated and added into the coating system successfully. The surface treatment of the ash introduces amine functionality on the surface of the ash particles. Due to the surface treatment the ash particles get chemically bonded in the coating system. It is observed as, with the addition of treated ash the hardness and scratch resistance properties of the coating system enhanced. The anticorrosive properties of the coating also increase with addition of ash. As the concentration of ash increases the performance enhances further. The improvement in performance properties due to the addition of ash is firstly due to their even distribution in coating system, their chemical bonding and not just a physical distribution, the improvement in barrier properties after addition of ash and presence of metal oxides such as MgO, ZnO, SiO 2 , Al 2 O 3 etc. which are responsible to enhance the anticorrosive properties as well as hardness values of the coating film.
